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Abstract

We report preliminary results of a Monte C'arlo study to search for C'entauro
events in the DO Detector at Fermilab. Montecarlo simulation of minimum
bias events are being carried out using the ISAJET and DOGEANT packages
to study the detector response for low energy particles and to understand the
background. Preliminary indications are that the detector is capable of resolv-
ing individual particles. Further work on developing reconstruction algorithims
for individual particles is in progress.

1 Introduction.

The Brasil-Japan (B-J) collaboration group found in their emulsion chamber exposed
to cosmic rays at Mt. Chacaltaya (atmospheric depth 530 g/cm?) a strange event
which they named as C'entauro-I'. It is the first example of an extremely rich hadron
family, which is interpreted as due to a new type of nuclear interaction with produc-
tion of about 100 hadrons without emission of gamma-rays (neutral pions). [urther
searches from B-J group has revealed four more events of Centauro type? and one
from Pamir experiment® but none from Mt. Fuji* and Mt. Kanbala® experiments.
However the Centauro-I event stands out completely from the sample as it is the
only event with extremely small gamma-ray (the term gamma-rays will hereafter he
used to denote electrons and gamma-rays) content but rich in hadron content and
lence attracted a great deal of attention. All other events have gamma-ray content
comparable to that of hadrons. The energy of the C'entauro event is estimated to be
1500 TeV in the lab system. Accelerator searches for C'entauro type of interactions
ended in null results so far-8,
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Besides the B-J group. efforts were made by manyv others to understand the
9=26 " Bjorken and McLerran'® postulated the existence of a new
component, a dense primordial glob of nuclear matter or quark matter, in the pri-
mary cosmic radiation, which penetrates deep in the atmosphere and gives rise to
(‘entauro-I type of event. Kinnunen and Rubbia!® consider the possibility of produc-
tion of C'entauro events due to hard collisions between hadronic constituents and rule

(‘entauro-I event

out the same based upon flux considerations.

The possibility that the fluctuated air shower cores mimic Centauro type of events
has been studied in great detail?®=2%. No one has succeeded in reproducing the
Centauro-I event though other events of Clentauro type were reproduced. Acharva
ct al* have shown through Monte Carlo simulations that those Centauro events in
which gamma-ray content is comparable to that of hadrons. could be understood as
extreme fluctuations in air shower cores using conventional physics and concluded
that these events do not belong to the same class of events as Centauro-1. The pos-
sibility that a heavy nucleus interacting rather low in the atmosphere and give rise
to Centauro-I type of event was considered by Acharya and Rao?”. They have shown
that it is possible to reproduce the event. though the total number of such events
expected in the global data is 2 x 107% as against one observed event.

Farlier searches at accelerators were carried at the CERN SPS collider at center
ol mass energies of 540 and 900 GeV. corresponding to laboratory energies of 116 and
100 TeV respectively. The negative results from these searches is perhaps because
the energies are below the threshold for production of C'entauro events. The center
ol mass energy at the Fermilab collider is 1.8 TeV. correspouding to 1.600 TeV in
the laboratory frame. Therefore, if Centauro events are produced in high energy
collisions, they should he seen at the Fermilab collider.

The DO detector, operating at the Fermilah collider., has charged particle tracking
capability up to 3.2 units of pseudorapidity, a nearly hermetic liquid argon calorimeter
covering a range of approximately 4 units of pseudorapidity and capable of separately
measuring electrons and hadrons, and a muon spectrometer. Thus, it is well suited to
search for Centauro type of events. In the following sections, we shall briefly describe
the DOdetector and present some preliminary results of Montecarlo studies.

2 The D@ Detector

The DO Detector is primarily designed to study high mass states and large pp phe-
nomena. [t basically consists of three elements : the Central Detector. the liquid
Argon-Uraniwm calorimeter and the outer muon detector. A schematic of the detec-
tor is shown in Iig. 1. Details of the detector can be found elsewhere?s,



2.1 The Central detector

The central detector consists of the Vertex Drift Camber (VIX). the Transition Ra-
diation Detector (TRD), the Central Drift Chamber (CDC'). and two Forward Drift
Chambers (FDC).

The VIX chamber is the innermost tracking detector and provides a track reso-
lution of 60 . The efficiency of separating a pair of tracks by at least 0.63 mm is
90%.

The TRD detector occupies the annulus between the VI'X and the ('DC and serves
to give added. independent electron identification to that afforded by the calorimeters
i the region || < 1.6. It responds to particles with Lorentz factor > 103, It provides
a rejection factor of approximately 50 for pions while retaining an efficiency of 90%.
for electrons.

The CDC provides coverage for tracks at large angles. after the TRD and just
prior to their entrance into the C'entral ('alorimeter. The FD("'s extend the coverage
down to 3°degrees with respect to hoth emerging beams. Spatial resolutions in the
CDC and FDC vary between 150-200 pumn.

2.2 The Calorimeters

The DO Calorimeter is a Uranium - liquid Argon sampling calorimeter with a semi-
projective geometry. A schematic of the Calorimeter is shown in Fig. 2. It has a nearly
17 solid angle coverage. The ('alorimeter is divided into three separate sections: one
Central Calorimeter (C'C) and two End Calorimeters (EC'). Together they cover the
whole region of 1 — ¢ space, except for a small region around 5 = 1.35. where there
is no coverage for electrons. In the region 0.8 < |n| < 1.4, an array of scintillators,
called the Inter C'ryostat Detector (ICD). and additional sampling detectors called
Massless Gaps (MG) are installed to improve the performance.

The CC' is of modular construction. It consists of three concentric cylinders of
modules of about nine feet in length. The first ring of 32 modules is the Electro-
magnetic (EM) section for the energy measurement of electrons and photons. Each
LM module is subdivided into four readout layers. The next ring of sixteen modules
is the Fine Hadronic (FH) section. These modules are divided in radial depth into
three readout layers. The last ring of sixteen modules is the Course Hadronic (C'H)
section; each module has only one readout layer. The EM section has a total deptl:
of 20.5 radiation lengths. and the EM, FH and C'H sections together present a total
of 7.16 nuclear interaction lengths to hadronic showers. The EM and FH modules
use uranium as absorber material | while the C'H uses copper. The ('(* has a segmen-
tation in » and ¢ of éy = 60 = 0.1 in most of the readout layers of the calorimeter.
The exception is the third layer of the EM modules where the shower maximum for
electromagnetic showers is expected. It has transverse segmentation on = o = 0.05.
This allows for better position resolution.



The EC' is also modular in construction. The EC' EM module faces towards
the center of the detector. Behind the EC' EM and centered is the Inner Hadronic

(IH) module. In a concentric ring around the TH module are the sixteen Middle
Hadronic (MJ) modules. And in a concentric ring around the MH modules are the

sixteen Quter Hadronic (OH) modules. The EC EM has a total of 23.3 radiation
lengths divided into four readout layers. The IH and EM combine to give 8.2 nuclear
interaction lengths. The MH and OH rings. together with the IH and EC' EM, give
the same number of interaction lengths over the full containment range of the EC'.
nl > 3.2 (Jy] > 2.6 for third EM layer).

The ICD consists of two rows of boxes, containing scintillating tiles, mounted
on the EC' wall. The size of the tiles is such that they conform to the transverse
segmentation of the calorimeter.

The Calorimeter was calibrated using test beams of electrons and pions in the
energy range 2-150 GeV in fixed target runs. From this data. the linearity of the
("alorimeter response with energy, energy and position resolution, the ratio of the
("alorimeter response for electrons and pions (¢/7 ratio), uniformity and shower shape
were determined. The response of the Calorimeter is linear above 10 GeV and the
deviation from linearity below 10 GeV is no more than 5%?°. The energy resolution
is approximately 15%/E for electron and approximately 50%/v/E for hadrons. The
position resolution is ~ 1 mun for electrons and 10 mm for pions.

The segmentation in 5 and ¢ is the same as in the C'C’ except at the higher values of

.

2.3 Muon Detector

The muon detector consists of two subsystems; the Wide Angle Muon Spectrometer
(WAMUS) for the central region and the Small Angle Muon Spectrometer (SAMUS)
for the end regions. They are located beyond the Clalorimeter region and consist
of three layvers of proportional drift tubes (PDT) and magnetized iron between the
innermost two layers. The magnetic field is 2 tesla. The system covers the region
ln] < 3.3.

2.4 Level 0 Hodoscopes

The information on whether pp collisions occurred during a beam crossing is supplied
by two sets of scintillator hodoscopes. This information consists of a comparison
between the time of arrival of particles in the forward and backward directions as
they interact with the hodoscopes. The hodoscopes are located in space between
each of the two EC"s and FD("s. Each consists of two planes. They give a nearly
complete coverage over 2.2 < || < 3.9 and at least partially over 1.9 < |y < 4.3.



2.5 Trigger

The DO trigger scheme is divided into three levels and one sublevel. The Level 0
trigger comes from the Level 0 hodoscopes and indicates the occurrence of an inelas-
tic interaction. It discriminates against the beam-gas interactions and also supplies
the next level of trigger. Level_1. with coarse vertex information and information on
multiple interactions. Level_l is a hardware trigger and is divided into 31 sets of
programmable trigger conditions, which are thresholds on various detector variables.
It reduces the trigger rate from basically the crossing rate of about 300 kllz, cor-
responding to a luminosity of about 5 x 10°%cm2s™1, to about 200 Hz. Level 1.5 is
basically a trigger on muon momentum and it reduces the rate to no more than 100
Hz. The Level 2 trigger is a software filter and is the most complicated. It reduces
the trigger rate to no more than 2 Hz. which is DO’s maximum on-line data handling
rate for writing data to tape. For each of the 31 Level_l triggers that are satisfied,
a set of Level 2 filters are called which are particle specific algorithms with various
thresholds. Details of the triggering system can be found elsewhere30=33,

The events that will be used to search for Centauro events are collected using the
MIN_BIAS trigger. This trigger requires a good Level 0 trigger and no other filter.

3 Method of Analysis

The strategy of the search for Centauro events in the D) Detector depends on the
interpretation of the event. The Brasil-Japan group’s interpretation is that a fireball
of mass ~ 230G eV /e? is produced. which decays into ~ 100 barvons and antibaryons.
In this case, the decay particles are distributed isotropically in the cenfer of mass
system with a mean pr of ~ 2.3 GeV/c. No 7% s are produced.

In this case, we expect a large energy deposit in the hadron calorimeter with no
energy in the EM calorimeter due to 7% 5. As the particles involved are of low energy.
with an average energy of a few GeV. the low energy response of the calorimeter has
to be carefully studied. While the low energy response is satistactory, as mentioned
carlier, algorithms for reconstructing individual hadrons are to be developed.

Also, since the search for C'entauro events has to be done among minimum bias
events and high multiplicities are encountered in these events. it is necessary to in-
vestigate whether individual particles can be resolved and their energies imeasured.
For this purpose. Montecarlo simulation of minimum bias events has heen carried out
and their features studied.

4 Monte Carlo Simulations

About 200 minimum bias events are generated using the [SAJET package®. The
events consist only of beam jets and no hard scattering at all. In order to be able
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to identify the individual particles, the minimum separation hetween particles in the
i — o space should be larger than the DO ('alorimeter resolution.

The ISAJET package stores the energy, momenta. the angle, 8, with respect to
the beam direction, the angle, ¢. in the plane perpendicular to the beam direction,
and the pseudorapidity of each particle. Gamma rays, which are the decay products
of 7 and # mesons are also stored.

The quantity 6 R = 1/(65)? + (6¢)? is calculated for each pair of particles in each
event. The distribution of the minimum value of § R for the pairs gamma - gamma.
gamma - hadron and hadron - hadron are shown in Figs. 3. 4 and 5 respectively. It
15 seen that mean values are about 0.6 and most of the events have 8 > 0.2. Since
the DO Calorimeter has a modularity of 0.1 x 0.1 in § — ¢ space, it is possible to
individually identify a majority of individual particles in minimum bias events.

Fig. 6 shows the scatter plot of the total energy in gamma rays. which are essen-
tially due to decay of 7% and 5 mesons. rersus the total energy in hadrons. There are
no events in the bottom right corner of the plot, where Centauro events are expected
to populate. Processing these events with the DOGEANT package to generate hits
and energy deposits in various elements of the DO Detector, and reconstruction of
the events is in progress.

5 Conclusions

Montecarlo simulations show that it is possible to identifv individual particles in the
DO Detector. Algorithms for reconstructing individual particles have to be developed.
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